Amendments to the Specification: 

Please replace the Specification of the present application, including the 
Abstract, with the following Substitute Specification. A marked-up version of the 
Substitute Specification and Abstract is attached hereto. 
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TITLE 

METHOD FOR CONTROLLING THE PUMP POWER OF AN OPTICAL 
AMPLIFIER 
FIELD OF TECHNOLOGY 

[0001] The present disclosure relates to a method for controlling the pump 
power of an optical amplifier. 

BACKGROUND 

[0002] Wavelength Multiplex Division (WDM) technology) offers the 
option of connecting transmitters and receivers in different places directly via 
optical paths of a network, without an electro-optical conversion being required at 
nodes. In the future it will also be possible to set up and clear down optical paths as 
required with the aid of optical switching matrices. Compared to the current prior 
art, major cost savings can be achieved without having to compromise the 
flexibility of the connections. 

[0003] However the dropping and adding of transmitted signals in channels 
of a multiplex transmission system causes strong variations in power on individual 
link sections. To avoid bit errors at the end of the link the ampUfier gain for the 
channels continuing to be transmitted or those being added may not change. Fig. 1 
shows the average gain G of all channels over time for an individual ampUfier stage 
and for two different cases, in which case it has been assumed that at time zero the 
input power reduces by 19 dB by dropping chaimels. 

[0004] If the pump power is kept constant (see the solid curve), the gain G 
of 20 dB before the dropping process increases to a constant value of 30 dB after 
the dropping process. A further curve drawn in this Figure shows, by way of 
illustration, the timing curve when using a simple integral controller which ensures 
that the average gain after a synchronization process with a duration of over 20 ms 
again amounts to 20 dB. The overshoots and undershoots can be greatly reduced by 
more complex regulation, but cannot be completely eliminated. In a cascade of 
ampUfiers the end result can thus be an accumulation of power variations and thus 
bit errors or even destruction of the receive diodes. 
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[0005] Overshoots and undershoots can be ahnost completely eliminated if 
the pump power required after a change in the input signal to maintain the gain 
under stable conditions is already known at the time of the change of load at the 
input. The actual difficulty Ues in calculating this pump power in advance with the 
highest possible accuracy. 

[0006] A simplest solution to this provides for choosing a linear approach 
for the required pump power as a function of the signal input power at the optical 
ampHfier. This aspect is described in US 6414788 Bl and US 6341034 Bl, the 
contents of which are incorporated by reference in their entirety. In this case two 
constant parameters are employed. With this method however the following 
significant influencing variables are not taken into account: 

[0007] -The required pump power not only depends on the input power but 
also on the gain of the relevant amplifier stage. Since the stage of an amplifier can 
exhibit very different gain values, depending on use and channel occupation, 
marked variations emerge which adversely affect the determination of the correct 
pump power to be set. 

[0008] -No account is taken of the fact that the pump power required 
depends on the wavelength of the surviving channels in a drop process. This also 
applies to the so-called "gain ripple". 

[0009] -"Fitting parameters" for determining the pump power values to be 
set are defined at the start of operation, so that aging effects lead to increasing 
variations as the operating life increases. 

[0010] -Non-linear effects in an amplification fiber of a fiber amplifier, 
such as "Excited State Absorption" in an Erbium-doped fiber of an EDFA (Erbiimi 
Doped Fiber AmpUfier), continue to be ignored and thus lead to additional 
deviations. 

[001 1] To take account of the spectral dependency it is proposed in 
document 6341034 that a spectral filter be fitted before an input monitor at the 
optical amphfier. The wavelength dependency of the method can thus be improved, 
if not eliminated entirely. Because of the high costs of components however this 
method is unlikely to be used. 
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[0012] In US Patent 6,366,333, which is also incorporated by reference in 
its entirety as in the document previously mentioned, a control unit for the gain of 
an optical amphfier is presented which opts for a linear approach for the required 
pump power as a function of the signal input power at the optical ampUfier. The 
error impUed in this approach is correct by means of a correction loop which is 
located after the amplifier and contains a microprocessor. This correction is 
calculated channel-by-channel and does not include any wavelength dependency, 
making the method slow and imprecise. 

[0013] In US Patent PubUcation 2003/0053200, which is also incorporated 
by reference in its entirety, the pump power of the optical ampUfier is set using a 
feed forward control loop. In this case a small part of the WDM signal is routed 
through a filter of which the filter transfer fimction is adapted to the characteristics 
of the amplifier. The signal input power is weighted selectively by the filter as a 
function of the wavelength. The influence of the wavelengths with above-average 
effects on the decay rate of the amplifier energy level excited is increased or 
decreased in this case. The signal arrives at a photo detector after the filter which is 
cormected to a control imit of the pump power of the amplifier. 

[0014] In US Patent PubUcation 2001/0043389, which is incorporated by 
reference in its entirety, the amplifier gain is controlled by means of a forward and 
backward loop. The forward loop (feed forward loop) controls the amplifier by 
means of a fast photo diode, which measures the input power. The backward loop 
regulates the ampUfier gain slowly depending on the output power of the amplifier. 
The two loops are connected to one another for checking the pump laser unit. The 
gain of the ampUfier is essentially set by the backward loop, whereas the forward 
loop includes the compensation of offsets in the gain axrve of the optical ampUfier. 

[0015] In US Patent 6,407,854, which is incorporated by reference in its 
entirety, a feed- forward control of an optical amplifier in a WDM system is 
presented. The pump power of the ampUfier is set via a control unit which measures 
the input power of the amplifier and controls the current of the pump laser diodes as 
a function of the measurement level. In this case the electrical signal of the pump 
laser diodes can be changed by multipUcation by a factor or by addition of an 
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offset, to guarantee a gain curve of the amplifier which remains constant over the 
entire wavelength range. With this method synchronization processes of less than 
200 are achieved. 

[0016] In "Superior high-speed automatic gain controlled erbium-doped 
fiber amplifier", Nakaji H., Nakai Y., Shigematsu M and Nishimura M., Optical 
Fiber Technology 9 (2003), pp. 25-35, a method for suppressing cycUc gain 
variations over time in a surviving channel of a WDM during the adding or 
dropping of further channels of the WDM signal is described. An EDFA is used for 
amphfication of the WDM signal which operates with a pump source at 980 nm or 
with a pump source at 1480 nm. When a pump laser in the wavelength range of 
1480 nm is used and with an optimum setting of the control parameters for a 
specific application case overshoots during dropping of a channel can be almost 
completely avoided. By contrast, when a pump laser in the range of 980 nm is used 
a small overshoot occurs after dropping of channels. If the pump power is now 
reduced or adapted to a new value, not as assumed above at the point of switching, 
but somewhat earlier, e.g. by a delay element connected upstream fi-om the 
amplifier, the overshoot when using a pump source at 980 nm can be abnost 
completely eliminated. This method is based on the fact that the reduction of the 
output power (effect) is detected later than the reduction of the input power (cause), 
so that the gain control is made to think for a period corresponding to the delay that 
there is a strong increase in gain to which it reacts by reducing the pump power. 
Experimental gain measurements can be verified fi-om this Uterature reference. In 
any event a very short duration overshoot continues to occur. 

[0017] This method, which is referred to below as the "feedback method" is 
well suited to laboratory experiments but can barely be used for commercial 
systems, since the optimal time delay depends on the number of surviving channels, 
no specification is known for predefining this optimum delay and the control 
parameters are only optimized for a specific event. In practice any given events, i.e. 
the dropping of a different number of channels for example, are taken into account. 
The time delay should be constantly recalculated and set for this, which would 
however be impossible or unrealizable in real time. Thus the wavelength-dependent 
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gain curve experiences unavoidable variations for one or more surviving channels 
which adversely affect the broadband gain, in addition to the known timing 
variations of the channel-related gain. For these reasons this method is not suitable 
for current optical switching networks. 

SUMMARY 

[0018] Under an exemplary embodiment, a method and system is disclosed 
which guarantees the optimum control of the pump power of an optical amplifier 
for amplification of an optical multiplex signal with a number of channels, so that 
when the input or output power at the optical amplifier is changed, the wavelength- 
dependent gain curve for signals of active channels to be amplified is maintained. 

[0019] Starting fi-om a stable state, which was set by regulation for 
example, especially of the corresponding pump power of an optical ampUfier, with 
which an optical wavelength division multiplex signal with a number of channels is 
amplified and in which a change of the input power or output power of the 
wavelength division multiplex signal is detected, in accordance with the 
embodiment, after the change to the input power, a new value of the measured 
pump power is calculated and set so that the gain curve of the amplifier only 
changes minimally. 

[0020] The new pump power to be set can be computed shortly after the 
dropping or adding of active channels and still set in good time, since the gain of an 
EDFA remains quasi-constant as a function of the wavelength in a short period of 
time. 

[0021] A significant advantage of the disclosed method is to be seen in the 
fact that many significant influencing variables such as the current gain value, the 
wavelength dependency of active channels, aging effects and non-linear effects of 
the amplification are taken into accoimt when calculating the new pump power to 
be set, so that a highly accurate determination of the optimum pump power is 
quickly undertaken and disruptive transients, i.e. amplitude and duration of 
overshoots, are effectively suppressed. 
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[0022] New pump powers can also be continuously calculated and set for 
example, as well as being calculated and set in advance. In such cases interpolation 
values from the previously calculated pump powers can continue to be determined. 

[0023] By measuring the output power shortly after a jump is detected, the 
wavelength dependency can be fully taken into account. Aging effects are 
compensated for since the advance calculation of the pump power is undertaken 
relative to the previously available stable state of the amplification. Likewise, the 
current ampUfier gain is included in the calculation and non-linear effects in the 
ampUfied fiber, as for example with "Excited State Absorption", are taken into 
account. "Gain Ripple" also does not lead to any change in the gain of the 
individual channels. What is of particular importance is that this method, as well as 
those already used in the prior art, does not need any additional measurement 
devices or components and is therefore greatly of interest from the cost standpoint. 

[0024] In the following description, an inventive method is illustrated 
preferably for an ampHfier stage which contains an Erbium-doped fiber. The 
method can however also be used for a number of cascaded amphfier stages with 
possibly different ampUfication fibers and/or pump sources. An exemplary 
embodiment for using a number of pump sources in an amplifier stage is even 
explicitly described. 

[0025] A model is also disclosed, which enables a new pump power 
required to be determined or calculated from a previously available stable state of 
the optical ampUfier. To this end, further restricted aspects are also considered it 
and their influences on the model analyzed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The various objects, advantages and novel features of the present 
disclosure will be more readily apprehended from the following Detailed 
Description when read in conjunction with the enclosed drawings, in which: 

[0027] Fig. 1 illusfrates an average gain of channels for an individual 
amplifier stage according to the prior art; 



[0028] Fig. 2 illustrates the timing gain curve for dropping of active 
channels with feed forward controlling; 

[0029] Fig. 3 illustrates the gain spectrum of an EDFA for 80 active 

channels; 

[0030] Fig. 4 illustrates a gain curve over time of a surviving channel 
(extract from Fig. 2); 

[0031] Fig. 5 illustrates gain variations over time for the channels within 10 
ms after the drop time; 

[0032] Fig. 6 illustrates gain variations over time for the channels within 25 
lis after the drop time; 

[0033] Fig. 7 illustrates actual and model-related pump power to be set as a 
fimction of the input power; 

[0034] Fig. 8 illustrates variations between required and model-related 
pump power values to be set; 

[0035] Fig. 9 illustrates a dynamic control concept; 

[0036] Fig. 10 illustrates gain curves over time of the surviving channel 
with different drop times of the other channels 

(a) Drop time: 1 \is 

(b) Drop time: 10 |is 

(c) Drop time: 100 [is 

(d) Drop time: 1 ms 

(e) Drop time: 10 ns to 1 ms; and 

[0037] Fig. 1 1 illustrates an amplitude of the overshoot for different drop 
times of channels, Fig. 12: the regulated power distribution of a three-stage fiber 
amplifier. 

DETAILED DESCRIPTION 

[0038] Fig. 2 shows a gain curve G over time during dropping of active 
channels with feed forward controlling in a single-stage Erbium-doped fiber 
ampUfier, with the pump power required with reduced input power for maintaining 
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the gain being set at the point at which the load changes. An undershoot is 
completely suppressed in this case. 

[0039] A description is given below of how, starting from a known 
operating state of the fiber amplifier, the pump power required to maintain the gain 
Pp^p can be calculated. 

[0040] The method is explained with reference to a suitable modeling of the 
amplifier process in the Erbiimi-doped fiber. All the power specifications below 
relate to the start or the end of the doped fiber. Available measuring devices 
(including photo diodes) are however generally calibrated to record powers present 
at the input or output of the amplifier or the amplifier card. Passive components 
such as couplers and isolators are mostly located between the inputs and outputs of 
the amplifier card as well as the corresponding ends of the ampUfication fiber, hi 
this case a correction of the power specifications by the attenuation losses of the 
upstream and downstream components is also required. Likewise losses between 
the measuring device for the pump light and the coupling-in point in the Erbium- 
doped fiber are taken into consideration. The powers actually coupled into or out of 
the doped fiber are the result of the correction. 

[0041] In addition a further correction step is required in order to determine 
the actual effective pump power, since, as a result of the loss mechanism in the 
fiber, not all photons coupled into the doped fiber participate in the amplification 
process. This is especially required for the use of pump sources with an emission 
wavelength in the range of 980 nm, since in this case ions which have already been 
excited, which are at a higher energy level, can absorb pump power, whereby pump 
photons are lost to the actual amplification process. This process is referred to as 
the "pump excited state absorption (ESA)". To make a distinction, the term for the 
effective pump power Peff is introduced which designates the pump power 
effectively available to the ampUfication process. 

[0042] All power variables subsequently specified are to be used in the 
linear scale (mW). 

[0043] Starting from the pump power Ppump coupled-in in the fiber the 
effective pump power Peff can be calculated with the aid of the equation 
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= Po-ln^l + ^ 



[0044] , with the symbol Pq standing for a correction parameter. This should 
be known during the operation of the amplifier in a transmission system and is best 
defined on calibration of the amphfier card. 

[0045] The characteristic parameters Po are therefore determined together 
with a second characteristic parameter Gnorm before the calculation process within 
the firamework of the fiber amplifier through measurement. With this measurement 
the pump power required for maintenance of a predetermined gain value is plotted 
against the input or output power of the fiber amplifier. In this case it is of 
advantage not to change the channel assignment and to reahze different input 
powers by the same attenuation of all chaimels. 

[0046] The measurement process makes use of the fact that the pump power 
required to maintain a predetermined gain value of an Erbium-doped fiber without 
loss mechanisms is a linear function of the input power. For the larger pump power 
values, a deviation fi"om a straight line occurs. This deviation is conditional on the 
pump ESA. The parameter PO is now determined by fitting. To this end, the 
effective pump powers produced from the measured pump powers are calculated 
for different values of Po and the curve is approximated by a straight line in 
accordance with the minimum error square criterion. The total of the error squares 
is shown as a fimction of Pq. The value now selected for Po is that value which 
leads to a minimum total of the error squares. This value produces a curve, which 
describes the effective pump power Peff as linear fimction of the input power of the 
amplifier. The second characteristic parameter Gnorm for the fiber amplifier can now 
be derived from the slope of the straight lines determined in this way. The change 
in the effective pump power Peff is logically combined with corresponding changes 
to the input power via the proportionality constant. 

^_ ^signal Qsig~V 
>-pun>p G„„^ 

[0047] where the two wavelengths Jj^„„, and k^^^ designate the mean 
signal wavelength or the pump wavelength. The parameter 
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generally represents the relationship between an input signal power and an output 
signal power. Since, apart from Gnom, all other variables are known, the second 
characteristic parameter can now be uniquely determined. The value of Gporm 
typically lies in the range between 0.95 and 1.00. After the determination of the two 
calibration parameters Po and Gnoim the pump power required to maintain the gain 
after a switching process Pp^p is now calculated. Starting from the measured pump 
power PpuJ^" before the switching process, the effective pump power P^^°" can be 
calculated with the following formula 

(pbefore 1 
1+^1 (1). 

[0048] With the sum signal power PJ"' before the switching process the 
value of the effective pump power for the signal power P^^g*"* after the switching 
process is produced as 




[0049] with the formula expressions occurring having the following 
meaning: 

[0050] Pj^^ut the accumulated output power produced after the switching 

process with the gain remaining the same (i.e. stable state), 

[005 1 ] P£n the accumulated input power after the switching process, 
[0052] Pj^g the accumulated output power before the switching process, 
[0053] P,igj7 the accumulated output power after the switching process, 
[0054] The two wavelengths and stand for the average signal 

wavelength after the switching process or for the pump wavelength respectively. 

From the effective pimip power to be set after the switching process, the actual 
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pump power to be set by the control at the fiber input can now be defined by 
inversion of equation (1), which leads to the result 




[0055] As a general rule, the precise channel occupancy after the switching 
process is only known with a clear delay and is thus not available for regulation. In 
this case, the average wavelength of the signal with full occupancy of the 
amplification band can be employed for the average signal wavelength. 

[0056] Under specific circumstances, equation (2) can be simplified, so that 
simplifications of the amplifier structure become possible. Two possible 
simplifications are illustrated below: 

[0057] For calculating the pump power P'^p after the switching process, in 
accordance with eqn. (2) the accumulated powers on the input and output side must 
be known both before and also after the switching process. Because of the required 
regulation times of a few us, both the measurement devices at the input of the 
amplifier stage and also those at the output have short measurement times. This 
demand for short measurement times can however be restricted to the point in time 
after the switching process, since it is assumed tiiat the switching process starts 
from a stable state. Individual amplifier stages typically exhibit a gain of 20 dB or 
more, which means that the output powers are approximately two orders or 
magnitude greater than the input powers. Especially critical as regards the dynamic 
behavior are also switching processes in which the accumulated input power and 
thus also the accumulated output power fall sharply (e.g. by more than 10 dB). This 
means however that the second term in the curly brackets of eqn. (2) F^^^^ , is far 
smaller than the other terms and can consequently be ignored. This means that the 
equation for 

P after nbefore , ^signal ^ ipafter p before , p before 1 fA\ 
etf *^efr +7 -p Fsi&out *^sig,out ■•"^sig.iii / W 

'^pump ^mna 

[0058] can be simplified. In this equation P^-^u, is the only variable for 
which only short periods are available for its measurement. Thus the use of the 
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fastest possible photo diodes is only appropriate for measurement of the 
accumulated output powers whereas slower measurement equipment can be used to 
measure the accumulated output power. This is of interest, since by dispensing with 
a bias voltage, the sensitivity of photo diodes can be increased because of the lower 
dark current. 

[0059] On the other hand, a simplification of eqn. (2) is produced for the 
case in which the average amplifier gain does not change, which poses a significant 
problem for the calculation of the output power produced after the switching 
process where the gain curve remains the same. In this case equation (2) can be 
transformed into 



[0060] Again only a fast measuring device is required, in this case for 
measurement of the accumulated output power. The equation can however be 
rewritten so that short measurement times are only needed for the measurement 
equipment at the output of the Erbium-doped fiber. 

[0061] It should be pointed out here however that the gain of an amplifier 
stage of an EDFAs is as a rule, especially if does not contain a smoothing filter, 
different for the individual channels. 

[0062] When a number of pump sources are used in the optical amplifier 
the basic method is identical to the method with only one pump source, haitially the 
pump powers available in the reference state are converted separately in accordance 
with equation (1) into effective pump powers, with under some circumstances 
different parameters Po having to be used for the individual pump sources. The 
effective pump powers P^^f"' are then subsequently weighted with the quotients 
firom the average signal wavelength A^.^^, and the relevant pump wavelength A' p„mp . 
The sum of these variables produces an auxiliary variable X^°'^ : 




(5) 



with 



^"g nbefore 
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X before _ \^ ^ P<^ p before 
eff "ZjT eff.' ' 

i=l '^signal 

[0063] with N designating the number of pump sources The auxihary 
variable X^^'to be set after the switching process correspondingly produces: 

X after _ -irvor , ^ Ipafter pafter _ pbefoie , pbefore 1 
eff --^eff"*""^^ Fsig,out '^Big.in ^sig,out ^sig,in J • 

[0064] It is of little consequence for the maintenance of the gain how 
greatly the individual pump sources contribute to this required value. However 
there can be preferences, which, for example, are the result of the requirement for 
the optimum possible noise figure and depend on the selected pump configuration. 
Once the contributions of the individual pump sources are defined, these are 
multipUed by the quotients from the average signal wavelength and the 
corresponding pump wavelength A' . This means that the relevant effective 
pump powers are now available again, which are converted according to equation 
(3) into the actual piunp powers Pp^p(i) . 

[0065] The method described above is based on the assumption, which is 
almost always fulfilled, that the pump powers coupled-in at the location of an 
amplifier fiber feature wavelengths from different absorption bands. 

[0066] Figure 3 shows an example of the curve of gain G as a function of 
the wavelength for 80 channels of a WDM signal. 

[0067] As an example the case in which all channels except for the marked 
surviving channel UK are dropped is now considered. The actual goal of the 
regulation is not to keep the average gain, as results from an overall power 
measurement at the input and at the output of the stage, constant. Instead, it is 
necessary to make sure that the gain curve does not change over the wavelength, 
since only then does the power which falls on the relevant receiver remain constant 
over time. In the above example this requires a change of average gain. 

[0068] The dynamic properties of an Erbium-doped fiber are helpful in 
determining a new required gain. Even with a sudden change of the input power the 
average occupancy inversion and thereby the gain profile only changes slowly. Fig. 



15 



4 shows a section of the gain over time of the solid Une curve already shown in Fig. 
1 for a pump power which remains constant with a jump in the input power of 19 
dB and for example for the surviving channel UK, which for large periods of time 
asymptotically approaches a limit value of 30 dB. Within the first 10 i^s after the 
switching process, the gain of the observed channel only changes slightly however. 
This period of time can therefore be used to determine the desired output power 
after the switching process and the corresponding average gain with changed 
spectral power distribution. 

[0069] For the exemplary embodiment presented above, in which all of 80 
channels except one channel are preferably dropped at 1531.9 nm, the dynamic 
behavior of the fiber amplifier EDFA is shown in the fiirther Figures 5 and 6. The 
changes in gain for individual channels over time DG(t) are shown for different 
wavelengths (curves shown in the range of 0 dB) as well as the change in the 
average gain (curve shown with a jump at appr. 2 5 dB) in relation to the state 
before the switching process at t=0 ms. The dashed horizontal line shown at appr. 2 

5 dB specifies the gain change after the synchronized state is reached. Fig. 6 is 
slowed-down version of Fig. 5 in the range of a few miUiseconds before and after 
the switching process of channels. 

[0070] The next Figvire, Fig. 7 shows a required, i.e.. nominal pump power 
P_PUMP shown by solid curves KA, KB, KC, KD as a fiinction of the input power 
P IN of the fiber amplifier, which is to be set for maintaining different average gain 
values 5, 10, 15, 20 dB according to a switching process according to Fig. 4 to 6. 
For verification of the method described above, starting fi-om the data point with 
the maximum input power in each case, the pump power is determined in 
accordance with the above method according to the equations (1) to (6) and the 
relevant resuU is shown by dots in Fig. 7. In this case there is a very good match 
between the pump powers determined by simulation with the previously calculated 
values. 

[0071] By way of illustration Fig. 8 shows, in accordance with curves KA, 
KB, KC, KD and the points entered from Fig. 7, the relative deviation DEV 
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between the required nominal pump power and the inventive prior calculation of 
the pump power. In this case the maximum relative deviation amounts to appr. 5%. 

[0072] It was previously assumed that the input power when channels are 
dropped falls immediately from a start value to an end value. In the following 
section, a method is now described with effects occurring on the remaining 
overshoots of the gain for the case described, in which the input power during a fall 
time (see Figures 10a to lOe with Figure 11) falls linearly from its start value to the 
end value. Under these assumptions Fig. 9 shows a dynamic control concept for 
executing the method. 

[0073] Initially a check is made as to whether the input power has been 
constant for a predetermined period of time (step 1). If it has been, the amplifier is 
driven with the conventional control concept with feedback (step 1 1) (see e.g. 
Mann, Schiffelgen, Froriep, "Einfiihrung in the Regelungstechnik (introduction to 
control technology)", Hanser-Verlag, Munich, 7th edition, 1997). If a stable state is 
reached here (step 12), this is defined as a new reference state (step 13). If on the 
other hand the input power is not constant, i.e. if a change of the input power is 
detected during the predetermined period (step 1), a switch is made to the inventive 
feed forward operation (step 21). The pump powers to be set are calculated (step 
22) and set (step 23) in this case after each time interval based on the last reference 
state and the current values for the input power and the output power. Subsequently 
another check is again made as to whether the input power has already been 
constant for a constant period of time (step 1). 

[0074] As before, starting from 80 channels, all channels except for one are 
preferably dropped at 1531.9 nm. Changes in gain over time of the surviving 
channel with different drop times or periods of 1 ^s, 10 |xs, 100 ^is and 1 ms are 
shown in Figures 10a, 10b, 10c and lOd by means of a solid line curve and also for 
fall times of between 10 ns and 1 ms in Figure lOe overlaid over each other, with 
the time and the value of the maximum change in gain Gmax being shown by a dot. 
For better imderstanding, the curve shown by a dotted line shows the timing of the 
falling input power in the linear scale. 
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[0075] A slight overshoot is typically produced with a sudden change in the 
input power, and an exact advance calculation of the pump power needed in the 
stable state. Basically the opportunity would exist for these errors to accumulate 
with a repeated application of the predictive setting of the pump power using the 
current measured output power and for a divergence of the method to result. This is 
however not the case. 

[0076] In Fig. lOe the changes in gain produced for the different fall times 
in the range of 10 ns to 1 ms of the "surviving" channel are shown overlaid, with 
the dots again marking the maximum change in gain Gmax in each case. Notably the 
synchronization process for large lengths of time is only slightly dependent on the 
fall time. 

[0077] To supplement Fig. lOe, Fig. 11 shows the overshoot occurring 
DEVmax as a function of the fall time Tfaii. For fall times of less than Ijis a constant 
value is produced, whereas for larger fall times the strength of the overshoot 
reduces the more the fall time increases. 

[0078] Furthermore Fig. 12 shows the controlled power distribution 
OPTPOW of a three-stage fiber amplifier consisting of the amplifier stages SI, S2 
and S3, of which the gain can be varied with the aid of a variable attenuation 
element att connected between the first amplifier stages SI, S2. A fiirther optical 
module DCF can be inserted between the two last stages S2, S3, which for example 
allows the adding and dropping of wavelength-related channels or compensation of 
the link attenuation. 

[0079] In this case the power distribution OPT_POW along the entire fiber 
amphfier for different operating states is shown. The power curve POWl shows the 
power distribution obtaining in the fiber ampUfier before the switching process, 
which has reached a stable state and offers and for which an existing channel 
occupancy offers an optimum noise figure. To avoid overshoots and undershoots or 
to keep them as low as possible, the individual amplifier stages are kept at constant 
gain directly after the switching process with the aid of feed forward controlling, so 
that a second power curve shown P0W2 is produced directly after the switching 
process. 
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[0080] Since however this is not optimal as regards the noise figure, a slow 
regulation after the input signal is stable ensures that the power curve slowly moves 
from the second power curve P0W2 to a ftirther power curve P0W3 shown here as 
a broken line. This process takes place slowly so that this fimction can be 
undertaken using conventional regulation. 

[0081] Since the gain of the individual amplifier stages SI, S2, S3 should 
not change in a first time interval, the accumulated signal powers to be set after the 
switching process at the input of each stage can be calculated independently of each 
other. The pump powers required can be determined directly on the basis of the 
formulae already presented. 

[0082] Under some circumstances the available computing power is not 
sufficient to calculate the new pump powers required in real time after the 
switching process. In this case there is the option of prophylactically creating a 
table directly after a stable state is reached which contains the pump power required 
for maintenance of the gain for a suitable number of signal input powers which 
serve as reference values for in interpolation in the switching processes. 

[0083] While the invention has been described with reference to one or 
more exemplary embodiments, it will be understood by those skilled in the art that 
various changes may be made and equivalents may be substituted for elements 
thereof without departing from the scope of the invention. In addition, many 
modifications may be made to adapt a particular situation or material to the 
teachings of the invention without departing from the essential scope thereof 
Therefore, it is intended that the invention not be limited to the particular 
embodiments disclosed as the best mode contemplated for carrying out this 
invention, but that the invention will include all embodiments falling within the 
scope of the appended claims. 
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